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Abstract 
Bridging the gap between sustainable buildings and a sustainable city requires well-suited approaches. Dynamic building thermal 
simulation may be used for scenario analyses of different measures helping the city becoming a sustainable city. Automation, by 
reducing the expense and tackling the complexity associated with the building modeling, can serve this purpose. This paper 
presents a prototypical building model generation tool chain which automatically generates building models for thermal 
simulation on different scales, and considers the shading effects of neighboring buildings. To outline the benefits of this 
methodology, a case study has been performed on a small district. 
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1. Introduction
Due to CO2 and energy targets either forced on by legislation [1] or voluntarily stated [2] by governmental
bodies e.g. city councils, assessing energy consumption and, based on this, finding room for improvement, is 
becoming an important task within urban planning. Building heating, cooling, ventilation and air conditioning 
(HVAC) systems and traffic have the biggest shares in energy consumption in cities. In Vienna for example HVAC 
has a share of 37.7% of total energy consumption, even topping traffic with 36.4% in 2013 [3]. When including the 
non-renewable part of district heating (80.7% [4]) and electricity (25.48% [5]), out of these 37.7% again 79.5 
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percent are non-renewable. In other words 30% of the energy used within the boundaries of Vienna is non-
renewable and used by building HVAC systems. This is similar in cities of industrialized countries all over the 
world. Given that building codes and zoning are often controlled by the city itself, buildings and their energy 
systems are becoming the major targets when trying to control energy use and greenhouse-gas (GHG) emissions. As 
already hinted by the numbers, buildings and urban energy grids form an integrated system, and have to be 
considered as such. But while for the grid the entity in charge is known and often has a lot of information about the 
grid, collecting and evaluating enough information about a city’s building stock for this purpose is currently the goal 
of large scale research projects, e.g. TRANSFORM [6]. Once the building data is assessed, tools to calculate 
scenarios for refurbishment of blocks of buildings are to be developed. To this end, especially when considering the 
transition to volatile renewable energy sources, including effects like peaks in energy production, simulation is one 
of the solutions. The challenge is now to perform dynamic simulation at the level of blocks of buildings with as little 
effort as possible. 
2. State of the Art
The modelling of building and HVAC systems for the energetic assessment of buildings is a very well developed
field in civil engineering. The US department of Energy (DOE) currently [7] lists 417 different pieces of software 
related to building energy on their homepage, ranging from simple tools to estimate heating demand to sophisticated 
commercial simulation environments. On the scale of districts and cities there are endeavours to also do that. On the 
one hand, there are tools based on calculation similar to the energy certificate, taking detailed information but only 
simple energy balances [8], on the other hand tools like CitySim [9] use a less detailed geometry, but more 
sophisticated simulation engines. To be feasible for the simulation on the scale of blocks of buildings or larger, the 
resource intensive task of building modeling has to be automated.
3. Methodology
Figure 1 shows the overall architecture of the building generating process. The tool chain was developed to be as
flexible as possible, taking different state-of-the-art input data into account e.g. GIS, CityGML, gbXML, etc. 
Fig. 1. simulation process 
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As common interface format gbXML (Green Building eXtended Markup Language) was used to increase the 
capability to exchange – in that particular case – standardized geometry information between different simulation 
tools and the developed model generator tool.  
As described in [10], [11] and [12] the modeling tool requires only a minimum set of necessary input parameters 
e.g. simplified building geometry, year of construction, geographic location, window wall ratio and use of the
building. All other parameters – meaning physical properties of the building envelope, such as U-values from the
walls and windows, as well as parameters of the HVAC system, heating set-points and schedules, internal gains, etc.
– can be estimated based on suitable norms and standards, but can also be supplied by the user if known exactly.
3.1. Preprocessing 
The first step consists in providing the geometry information of the buildings to be calculated. In order to run 
dynamic building simulation on a large scale, GIS building data has been chosen. The geometry of each building is 
defined by a polygon, containing the coordinates of each corner of the ground plan of the building. Due to the 
curvature of the Earth the coordinates need to be projected into WGS 084 format, representing Cartesian 
coordinates. Using the ground plan information of each building, an overall gbXML-file containing all buildings to 
be calculated is generated for the next process steps. 
3.2. Creating the Building Simulation Models 
After the preparation of the building geometry information, the main process of generating the building models is
executed. As the buildings only interact weakly, putting all buildings into the same simulation would make the 
simulation more complex then actually needed, so the simulation is reduced to simple problems. 
Fig. 2. (a) objects selected by the shading algorithm (b)simulation model as viewed in SketchUp 
The most severe interaction between buildings in a neighbourhood is shading. Given that the result of the 
simulation process should be a reasonable approximation for building energy, it is feasible to consider this 
interaction also in this context. Fixing a certain amount (in this case 99 percent) of thermal energy, up to which the 
energy deprivation by the shadowing of a building should be accurate, an algorithm can be derived which is using a 
cuboid containing the building as a substitute, and the direct solar radiation given for the simulation site. This 
algorithm calculates the angle above which the set amount of direct radiation is incoming. From this angle, the 
maximum length of the shadow can be determined very easily, and therefore a circular sector containing influenced 
buildings. This can be done for all buildings, leading to data about their interaction.  
Finally for each simulation scene a fully physically parametrized building model for the point of interest is 
generated automatically. Using the information derived by the algorithm described above, shading objects 
representing the neighbouring buildings are then added to the scene. In figure 2(a), a building currently in focus 
(red) is shown together with the selection of building actually influencing it (green) and the rest of the scene (grey), 
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while figure 2(b) shows the reduced scene used for the actual simulation, with the detailed building and the shading 
bodies (it should be noted that both images are usually not generated in the simulation process). 
Depending on the building dimensions and properties the model generation tool generates core and outer zones 
automatically using a self-developed auto-zoning function. Taking the mandatory information in the modeling 
process into account, every zone – on a floor-by-floor basis – can be individually parametrized with adequate 
internal load profiles and physical parameters of the building envelope. The generated building model can directly 
be used for energy simulation with EnergyPlus, thus yielding a forecast of the heating, cooling and optionally
electricity demand of the building. 
3.3. Post Processing and Visualization 
As building performance tools become more detailed, the quantity of output data rises dramatically. Processing 
this data in an efficient way is an important part of the performance analysis, and presents real issues for emerging 
simulation tools [13]. Like with input, automated procedures can conveniently deal with post-processing. In this 
sense, post-processing is an essential part of the described tool chain. After the EnergyPlus simulation, results are 
written in the form of hourly values of chosen variables, in several possible file formats. In the present work, post-
processing is made on the basis of comma-separated values (CSV) files. These files, one for every simulated 
building, are read into MATLAB after the execution of all simulations, and the values are aggregated in several 
ways to calculate performance indicators and make a visual inspection of the results possible.  
Relevant inspected variables include mean air temperature, relative humidity, and ideal heating and cooling 
loads, latent as well as sensible. All these variables are calculated and reported for each zone. Given the number of 
zones, the result values need to be aggregated temporally as well as spatially. In this way, one can retrieve simple 
performance indicators for whole buildings, such as their annual heating or cooling energy demand, total or divided 
per floor area. 
Three-dimensional visualization of the simulated buildings can also yield meaningful ways of comparing the 
results for an important number of zones. To do so, surface-related information is reread from the previously 
generated IDF file, which also allows for the input geometry to be checked. The heating and cooling loads per floor 
surface area can be displayed on floor surfaces for each zone. Window transmitted solar radiation can be displayed 
on the corresponding exterior wall surfaces. 
4. Case Study
A case study was made using a block of buildings consisting of 15 different objects located in the northern part of
the “Seestadt Aspern” brown field area, situated in Vienna, Austria, with a marine west coast climate, not far from 
the transition to a continental climate. 
4.1. Building parameters 
Geometry information such as the ground plan, building height and number of floors was taken from a GIS study 
with the envisioned heights, shapes and usage (in this case mostly offices). All other parameter were estimated 
based on regional Norms and Standards, e.g. ÖNORM B8110-5:2011 construction type of the building (heavy or 
light construction), U-values of the building envelope (ground floor, outer walls and roof), U- and g values of the 
windows, window shading devices, heating and cooling set-points of each floor assuming the behaviour of office 
buildings, HVAC schedules and internal loads (caused by people, light and electric equipment), etc.  
4.2. Results 
As simulation hardware a notebook equipped with a dual core 2.50GHz processor 3.16 GB RAM was used. 
Applied to the fifteen buildings in the case study, the zoning process yields a total of almost 800 zones distributed 
on 120 floors. The total run time on the notebook amounts to 103 minutes, the greatest part of which is spent on the 
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actual simulation by the EnergyPlus engine. The generated files amount to almost 5 GB, an overwhelming part of 
this disk space corresponding to raw output files. 
Given the homogeneity of building parameters for the whole block, the obtained results exhibit only limited 
variations, which is to be expected given the uniformity of the building parameters. Performance differences 
between buildings can mostly be attributed to differences in their geometry. The annual heating energy demand per 
gross floor area amounts to 18.9 kWh/m²/a, consistent with the values envisioned to be achieved with the standards 
used for the simulation. The annual cooling energy demand per gross floor area, which depends more on internal 
loads, varies even less. It amounts to 22.6 kWh/m²/a on average.  
Visual comparison also allows the results to be reviewed in an easily understandable way, and is also well suited for 
immediate comparison of for example different scenarios varying in either shape or building codes. The heating 
demand is logically concentrated on perimeter zones, and significantly higher on ground floors and last floors. As 
for the cooling demand, its relative stability in core and perimeter zones, with significantly lower values only on the 
ground floor, manifests the important contribution of internal loads. 
Fig. 3. Heating demand in kWh/m²/a for each zone 
The visualization of window transmitted solar radiation per zone confirms the consistency of the results, as it shows 
higher radiation on south-oriented facades, and makes the shading by neighboring buildings visible. In terms of 
urban planning, this could be used to look at the feasibility of façade integrated photovoltaic or solar thermal 
elements.
Fig. 4. window transmitted solar radiation 
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5. Conclusion and Outlook
As shown in this paper, using thermal building simulation on the scale of blocks of buildings is feasible, and a
definitive improvement when compared to the approximations used at the moment to assess energy consumption on 
a larger scale. Challenges arose when coordinates where too close to each other or not necessary to generate a 
simplified ground plan representation. This required a manual correction of the polygon definition, but can be 
automated as well during the export process from the GIS tool. As at the moment only ideal heating and cooling 
systems are assumed, system efficiency can only be introduced using conversion factors, reducing the quality of the 
forecasts again. Therefore the next step is to introduce common configurations of production and distribution 
systems and sizing them approximately, allowing the quality of the results to be improved, especially with respect to 
the resolution in time. Peaks in energy consumption could thus be identified as well. On the other hand, 
parallelization of the computations is necessary to increase the simulation speed and therefore usability. Due to the 
underlying software EnergyPlus, trivial parallelization is possible, and will be implemented in future work. 
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